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Abstract
Objective—Describe the clinical and imaging characteristics of spinal cord ring enhancement in
multiple sclerosis (MS).

Design—Clinical case series.

Setting—Academic referral center.

Patients—Twenty MS subjects with spinal cord ring enhancement were retrospectively
identified from 322 cervical and thoracic spinal cord MRI studies over a 3 year period.

Main Outcome Measures—Demographics, disability, pattern of enhancement on spinal cord
imaging, and concomitant brain magnetic resonance imaging (MRI) were determined.

Results—Ring enhancement was seen in 20 subjects with spinal cord enhancement, most
commonly in the cervical cord. Incomplete or ‘open’ ring enhancement was the dominant pattern
in 19 of 20 (95%) subjects. Concurrent ring enhancing brain lesions were present in 40% of
subjects. At the time of the MRI, the Expanded Disability Status Scale (EDSS) ranged from 1.0–
7.0 (median 3.0).

Conclusion—Ring enhancement is not an uncommon pattern for MS spinal cord lesions,
occurring with a prevalence of 6.2% (20/322). The most common pattern was incomplete ring
enhancement in the cervical spinal cord. Recognition of this pattern may improve and expedite the
diagnosis of MS and preclude need for invasive diagnostic interventions.
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INTRODUCTION
Multiple sclerosis (MS) is a demyelinating disease affecting brain and spinal cord.
Enhancement after administration of contrast in MS indicates increased blood brain barrier
permeability with active inflammation, typically persisting weeks.1 Ring enhancement,
particularly the open ring sign, is a frequently observed pattern on brain MRI.2 Spinal cord
abnormalities have been reported in greater than 80% of newly diagnosed MS patients.3
Ring enhancement within the spinal cord in MS has only recently been described as a rare
pattern of enhancement.4–6 The significance and features of this enhancement pattern have
not been commented upon. Recognition of this pattern has the potential to improve
diagnosis of MS. We report a series of 20 MS subjects from one center over three years that
demonstrated ring enhancing lesions within the spinal cord.

METHODS
Institutional Review Board (IRB) approval was obtained for the use of human subject
records for this study. A search of all clinical imaging studies at Barnes-Jewish Hospital in
St. Louis, MO was conducted including the dates January 2006–January 2009, a 37-month
period. A search including the terms “multiple sclerosis” and “spinal cord MRI” yielded 322
patient scans. Cervical and thoracic spinal cord MRIs were analyzed for enhancement on
T1-weighted imaging post administration of gadolinium. Thirty-six patient scans included
enhancing lesions, of which 20 scans included a ring or incomplete ring pattern. Patterns
that were labeled as ring enhancement were identified by the principal investigator (E.C.K.)
and confirmed by a neuroradiologist (T.B.). All subjects were imaged on either a 1.5T or
3.0T scanner with a standard spine MRI protocol. Inclusion criteria included: 1) ages 18–80,
2) meeting McDonald criteria for clinically definite multiple sclerosis and 3) ring
enhancement pattern on T1-weighted spinal cord imaging post administration of gadolinium.
The pattern of ring enhancement was classified by location in the axial dimension of the
spinal cord, single or multiple rings, complete or incomplete rings, and opening toward the
center or the periphery of the spinal cord. If enhancement was incomplete or ‘open’ at any
axial or sagittal slice on the MRI it was considered open for the purpose of analysis. A
concurrent brain MRI was available in all cases and was analyzed for presence and pattern
of contrast enhancement.

Subject demographics compiled included age, gender, ethnicity, disease duration, disease
subtype, use of disease modifying therapy at the time of MRI, and disability by the
Expanded Disability Status Scale (EDSS).7 Neurologic examination was available in 18 of
the 20 subjects. A Multiple Sclerosis Severity Scale (MSSS) was calculated based on EDSS
and disease duration as previously reported.8

RESULTS
Clinical Characteristics

Twenty MS subjects were identified with spinal cord ring enhancement (Table 1). Median
age at the time of the MRI was 35 years (range 21–62). Median disease duration was 2.5
years (range <1–20). Of the 20 subjects, 95% (19/20) could be classified as relapsing
remitting MS and 5% (1/20, Case 11) secondary progressive MS. Disease modifying therapy
approved for MS was being taken in 40% (8/20) of subjects at the time of the imaging study.
Eighty-five percent (17/20) were in a clinical relapse at the time of imaging. Median EDSS
was 3.0 (range 1.0–7.0) at the time of the imaging study with a median MSSS of 6.46
(range, 4.54–9.84).
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MRI Characteristics
Analysis of the spinal cord enhancement pattern revealed a pattern of incomplete ring in
95% (19/20) of subjects (Figure 1). Of the incomplete ring enhancements, 63% (12/19) of
the rings opened toward the outer edge and 37% (7/19) of the rings opened toward the center
of the spinal cord within its axial plane. Forty-five percent (9/20) of the subjects had
multiple spinal cord ring enhancements, located at the same or different spinal cord levels.
The most common location in the axial plane was lateral in 40% (8/20), followed by dorsal
in 30% (6/20), dorsolateral in 15% (3/20), anterolateral in 10% (2/20) and anterior in 5%
(1/20). Ring enhancement was located within the cervical region in 75% (15/20), the
thoracic region in 15% (3/20), and within both cervical and thoracic regions in 10% (2/20).
Concurrent brain MRI revealed contrast enhancement in 70% (14/20) of subjects, 57%
(8/14) of which demonstrated a ring enhancing pattern in at least one of the areas of brain
enhancement. All subjects had white matter T2 hyperintensities in a pattern diagnostic for
MS.

COMMENT
The 20 reported cases highlight the pattern of spinal cord ring enhancement in MS. Previous
reports would indicate that this enhancement pattern is rare in the spinal cord even though
ring enhancement has been commonly reported in the brain of MS patients. However, this
case series of 20 subjects from a three year period at a single institution would indicate that
this pattern is not uncommon in the spinal cord of MS patients, occurring with a prevalence
of 6.2% (20/322). This pattern has been either previously under-recognized or under-
reported. Another possible explanation is spine imaging is more routinely conducted due
improved acquisition time and greater recognition of its clinical importance. The differential
diagnoses for spinal cord ring enhancement should include MS, in addition to neoplasm,
abscess, and granulomatous disease. Ring-enhancement, particularly an incomplete ring
pattern, should prompt further work-up for demyelinating diseases, which may include brain
MRI, cerebrospinal fluid (CSF) examination, and visual evoked potentials. Further evidence
supporting the diagnosis of MS might then preclude a need for spinal cord biopsy in some
patients where other diagnoses are suspected.

The imaging characteristics of this series are similar in location and appearance to
previously reported cases. Lesions were typically asymmetrically placed, dorsal or lateral in
the axial plane, and spanning ≤1 vertebral segment. The cervical region was preferentially
involved, which is the region previously noted to contain the most overall enhancement.3
The high prevalence of coexisting ring enhancements in brains of these 20 subjects suggests
a common pathophysiologic process occurring throughout the CNS.

All subjects in the series had relapsing MS, and 19 of the 20 were relapsing remitting and
relatively early in their disease course. African-Americans comprised 30% of this series,
which may be high and notable because African-Americans may be at increased risk for
disability due to spinal cord disease.9 Overall, a high level of disability was found relative to
disease duration based on the MSSS. However, it should be noted that neurologic exams
were at the time of spinal cord enhancement and during a relapse in the majority of cases.
We cannot speculate whether spinal cord ring enhancement has prognostic significance, due
to lack of long term follow-up in this cohort.

Spinal cord ring enhancement can be seen in MS, and is often an incomplete ring.
Recognition of open ring enhancement in the spinal cord may help to expedite the diagnosis
of MS. The specificity of the “open-ring” sign has been determined for the brain.10 Further
studies to determine the specificity of the incomplete ring pattern in the spinal cord are
warranted.
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Figure 1. Spinal cord ring enhancement patterns in multiple sclerosis
A. Case 1: Axial T1-weighted imaging post gadolinium (TR=908, TE=14) demonstrates
closed ring enhancement at the level of C4. B. Case 1: Sagittal T1-weighted imaging post
gadolinium (TR=828, TE=9.7) reveals multiple ring enhancements a different levels (C1
and C4) and within the same lesion (C4). C. Case 2: Sagittal T1-weighted imaging post
gadolinium (TR=500, TE=14) shows a ring extending longitudinally and opening superiorly
at the level C2-3. D. Case 3: Axial T1-weighted imaging post gadolinium (TR=615, TE=11)
demonstrates ring enhancement opening out dorsally at the level C4. E. Case 14. Sagittal
T1-weighted imaging post gadolinium (TR=600, TE=16.4) shows open ring enhancement
opening out dorsally at the level C4-5. F. Case 17. Axial T1-weighted imaging post
gadolinium (TR=460, TE=14) demonstrates ring enhancement opening toward the center of
the cord at the level C2.
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